Abstract: Coherent detection can be used for optical OFDM where the received signal is mixed with a locally generated carrier. We study the effect of the DC bias point and the modulation index of Mach-Zehnder modulator on the BER performance of coherent optical OFDM.
I. Introduction
This paper focuses on the coherent flavor of optical OFDM. Coherent optical OFDM with direct up/down conversion is briefly discussed and the system architecture is described in Section II. CO-OFDM was proposed to combat chromatic dispersion and fiber polarization mode dispersion (PMD). In Section II, we focus on one component of the system: the Mach-Zehnder modulator (MZM) and its nonlinearity. The nonlinearity analysis for RF-to-optical up-converter has been performed in [1] . However, the effect of nonlinearity on the bit error rate (BER) has not been addressed. We discuss the effect of the DC bias point of the MZM and the modulation index (M) of the MZM and the nonlinearity they introduce on the BER performance of the system. A mathematical analysis for the system is given in Section III. In Section IV, a simulation of the system is presented. In Fig. 2 , the BER is plotted vs. M for fixed DC bias to show the optimal value of . We conclude the paper in Section V, by finding and the optimal value of the modulation index.
II. Mach-Zehnder Modulator In this section, we study the transfer characteristics of MZM. The optical signal at the output of the RFto-optical up-converter is
Signal ( ) is the complex output of the RF OFDM transmitter and is normalized so that ( ) 2 = 1. Parameter is the modulation index of the MZM, = DC is a static phase shift that depends on the DC bias, and is the baseband version of the optical field ( ). Voltage DC is the DC bias of MZM, whereas is the half-wave switching voltage. Parameters The analysis given in [1] is restricted to the case of two complex subcarrier tones. Here, the analysis is more general, allowing all OFDM subcarriers to carry data. Also, the effect of the bias point on BER as a performance metric has not been examined despite its primacy in the analysis and assessment of the performance of digital communication systems. We verified, through simulations, that the bias point that gives the best BER performance is the null-bias point as suggested in [1] . We also present the optimal value for the modulation index based on the simulations.
IV. Mathematical Analysis
The optical field at the input of the optical fiber channel is given by (1) and (2) . The quadrature homodyne receiver [2] shown in Fig. 1 is used . Following the analysis presented in [2] , the received photocurrents at the upper and lower balanced receivers, excluding shot noise and ignoring the channel effect, for simplicity, are respectively:
a724_1.pdf OSA / ANIC/SOLED 2010 JWA4.pdf JWA4.pdf where is the photodetector's responsivity. Here it assumed that the local oscillator's frequency is equal to the optical carrier's frequency. In the simulation, the optical fiber channel was modeled by solving the nonlinear Schrödinger using the split-step Fourier method taking into account dispersion and fiber nonlinearities. If the MZM is biased at the null-point, and is small enough (below 0 dB), then the nonlinearity introduced by the transfer characteristics of the MZM can be ignored. After RF demodulation, the received OFDM samples are:
where is the baseband OFDM signal, and is the RF carrier frequency.
A simplified formula for the electrical signal-tonoise ratio per subcarrier can be obtained: V. Simulation Model The CO-OFDM system is simulated assuming QPSK modulation. The OFDM symbol period is 25.6 ns and 128 subcarriers are used. The guard interval is equal to one quarter of the observation period. Parameter is set to 1 V and DC is taken equal to 1 V (corresponding to the null point). The optical channel is modeled by solving the nonlinear Schrödinger equation using the split-step Fourier method. This takes into account the dispersive and nonlinear effects of the fiber. The nonlinear index coefficient 2 = 6 × 10 −13 1 mW , the fiber loss dB = 0.2 dB/km, and the dispersion parameter = 2 ps/(km-nm). The propagation distance is 1000 km. In order to compensate for the attenuation, a preamplifer (optical amplifier) with a gain of 200 dB, is used at the receiver. The thermal noise of the receiver is modeled as AWGN. Shot noise is also considered in our model and is modeled as a Poisson process. The receiver strips the cyclic prefix, performs the FFT operation, then ideal channel equalization is performed. Finally, the BER is plotted versus the modulation index (M) for null-point bias.
VI. Results and Conclusion
It can be noticed from Fig. 2 , that, up to a certain limit, as is increased, the BER decreases. This is due to the fact that increasing is equivalent to an increase in the SNR for a fixed noise power as evident from (6), and thus gives better BER performance. Then, reaches a certain optimal value above which the BER increases as is increased. As is increased beyond the optimal point, the signal is affected more by the nonlinear characteristics of the MZM and thus the BER rate performance deteriorates due to the nonlinearities introduced by the MZM. Fig. 2 shows that the optimal value of is approximately -4.5 dB. 
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